Comparison of the effects of elevated intracellular aluminum and calcium levels on neuronal survival and tau immunoreactivity.
Both calcium and aluminum have been implicated in the cell damage and death that occurs in several neurodegenerative disorders including Alzheimer's disease (AD). We examined the effects of experimentally elevated intraneuronal levels of aluminum ([Al]i) and/or calcium ([Ca2+]i) on neuronal degeneration and antigenic alterations in the microtubule-associated protein tau in cell cultures of rat hippocampus and human cerebral cortex. Exposure of cultures to Al3+ alone (200 microM) for up to 6 d did not result in neuronal degeneration. Neurons exposed to the divalent cation ionophore A23187 degenerated within 4 h when Ca2+ was present in the culture medium whether or not Al3+ was present. Measurements of [Ca2+]i using the calcium indicator dye fura-2 demonstrated a direct relationship between increased [Ca2+]i and neuronal degeneration. In contrast, neurons did not degenerate when exposed to A23187 in the presence of Al3+ and the absence of Ca2+, despite a 10-fold elevation in [Al]i as measured by laser microprobe mass spectrometry. Calcium influx, but not aluminum influx, elicited antigenic changes in tau similar to those seen in AD neurofibrillary tangles. Neurons exposed to glutamate in the presence of Al3+ but in the absence of Ca2+ were not vulnerable to injury. Finally, increased [Al]i occurred in neurons that degenerated as the result of exposure to glutamate indicating that aluminum associates with degenerating neurons. Taken together these data indicate that, in contrast to increased [Ca2+]i, elevated [Al]i may not induce degeneration or antigenic changes in tau.